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Abstract 
Analysis the aerodynamic performance to concave building section through numerical simulation calculation, adopt 
two different turbulence models: Standard k H & Realizable k H  to simulate calculate the shape factor of the 
section from different wind angle, comparing with standard value in order to investigate the applicability of 
turbulence models for numerical simulation of blunt body flow around, and analysis the structure of flow field. 
Finally, get the wind environment characteristic of the section at different wind angle, and calculate to get the shape 
coefficients of the section at specific wind angle. 
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1. Introduction 
As the high speed development of economy, the civil engineering construction scale is tend to be huge 
and the leading direction of construction is to be more ultrahigh, large-span and more lighter. As the high 
flexibility and low natural vibration frequency of those constructions, they are more sensitive to wind 
action, so it is making good sense to choose accuracy value of wind load to the design of those structure 
constructions. The loading code of every country set the value for shape factor of wind load is mostly 
aimed at regular rectangular section. It is obviously unreasonable to choose the value by code based on 
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the regular rectangular shape coefficient to deal with the new and unique, more complex and changeable 
VHFWLRQ IRUP RI PRGHUQ FRQVWUXFWLRQV 6R LW¶V RI YDU\ LPSRUWDQW PHDQLQJ LQ ERWK WKHRUHWLFDOO\ DQG
technical application by researching at the aerodynamic performance of complex construction sections. 
The general method to gains the surface wind pressure and surround flow field of high-rise 
construction is by wind tunnel test. But the wind tunnel test need to manufacture the construction model 
by pro rata, it is usually time wasting and costly. As the development of theory of Computational Fluid 
Dynamics (CFD) and the development of hardware, and software development of computer, it is more 
efficient to calculate surface pressure by using CFD to simulate the flow field distribution around 
construction, In fact WKHUH¶VDOUHDG\DORWRIUHSRUWLQOLWHUDWXUHDERXWWKHDSSOLFDWLRQ:HL<DQJ [1] et al 
had got a satisfactory result by using the Standard k H & Realizable k H turbulence model to simulate 
a 3D wind field of high-rise construction. Yuanchen Wang [2] etc used RNG k H model to calculate a 
2D round flow field of square column and reached the conclusion to fit with the experiment data. 
Currently, CFD is wild use at the wind engineering structure [3,5]. Compare with wind tunnel test, CFD 
can do full-scale model calculation, also can simulate flow field distribution both in real and ideal 
condition, and it take low cost and short cycle.  
This research will use FLUENT of CFD to numerical simulation research of the aerodynamic 
performance of concave building section. Research the section wind factor distribution by different wind 
angle to fix overall shape coefficient, and analysis the wake flow development of the construction. This 
paper compares the result in different turbulence model to exploring the numerical simulation method to 
fit with blunt body with re-entrant angle and round flow. 
2. Research Contents 
Using concave building section given by the Code [6] to do the research calculation, the physical 
dimension and wind angle arrange is shown in Fig.1 (a), the name of each section of the cross section is 
shown in Fig.1 (b). 
The dimension scale is B1 : B2 : L1 : L2 : L3 1 : 1.2 : 1 : 1.7 : 1 , section positive beat is the 0° wind 
angle, take one examples testify every 45° wind angle, consider that the section is up-down-asymmetry, 5 
examples testify in total is appropriate.. Keep the numerical simulate Reynolds number Re conformable 
with real construction round flow Re : Re uD /U P , where U  is the air density, U =1.225 kg/m3, P is 
the gas dynamic viscosity coefficient, P =1.7894h10-5kg/(m  s), D is the scale feature of section. In this 
example, D is the total of L1,L2,L3, in this example take size D as unit 1, u is incoming flow wind speed, 
calculate the value Re  conformed with real construction wind field. 
                              
(a)                                                                                                       (b) 
Fig.1 (a) Physical dimension, wind angle arrange; (b) the name of each section of the cross section 
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It is only given the shape factor at wind angle of 0° in the Code [6], when it comes to the shape factor 
DQGIORZILHOGVWUXFWXUHRIRWKHUZLQGDQJOHWKHUH¶VQRGHWDLOFDSWLRQJLYHQE\WKH&RGH7KLVUHVHDUFKLV
mostly aimed at those relatively less research parts and gives out the calculation result and research 
analysis conclusion. 
3. Introduce of Numerical Method 
3.1. Turbulence Model 
Use commercial software Fluent of CFD to numerical simulates the aerodynamic performance of 
sunken model build construction, and relative analysis by using turbulence model of Standard k H & 
Realizable k H . 
Do ensemble average to standard N-S mathematical equation to get Reynolds average equation [7], the 
momentum control equation and continuity equation see equation 1, equation 2. 
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Where <ui> ( )i 1,2,3  representing average velocity component of orientation X, Y, Z. <Pi>is the 
average pressure, Q is the air dynamic viscosity coefficient, U is the air density. U <uiuj> is the 
Reynolds stress which lead the equation unseal, the research separately use the two turbulence model: 
Standard k H  & Realizable k H  to seal solving the Reynolds average equation.  
3.2. Mesh model 
The calculation field using rectangular area, the size of the whole calculation field is 20D 40Du , D is 
the scale feature of section, where upper reaches 9.5D; lower reaches 29.5D, the two valley of section 
horizontal direction both 9.5D. The gradient change of flow field nearby section area is great, use O shape 
hyper-mesh in this area and use quadrilateral mesh entire in order to raise the simulate precision of great 
gradient change area.  
The mesh area near the wall of the section is to be increased density, the size of smallest mesh could 
be D/200.Finally the number of mesh within the center area of O shape mesh can reach to 98,000, outside 
could be 41,000.The mesh around the wall area is shown in Fig.2, the mesh of entire flow area is shown 
in Fig.3.  
                     
Fig.2 Mesh near wall area                                                            Fig.3 Entire mesh of calculation field 
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3.3. Boundary Conditions 
The setting of boundary conditions follows: (1) Entrance boundary adopts speed inlet condition, preset 
inlet wind speed and incoming flow direction; (2) Exit boundary adopts pressure-outlet condition, set 
outlet pressure at 0Pa; (3) Set the wall of section as no slip wall. 
3.4. Solving Methods 
Adopt the unsteady algorithmic, set time step at 0.001s, calculate each working condition 6s. Adopt 
SIMPLEC algorithmic to coupling pressure and speed, when calculation the momentum, turbulence and 
dissipation rating all use second order upstream scheme [8], Consider it as calculation convergence when 
iteration residual lower than 10-6. 
4. Results 
As a result, aerodynamic performance at wind angle of 5 conditions: 0°, 45°, 90°, 135°and 180°. This 
paper separately marked them as Case1-Case5. Then adopt two different turbulence models to simulate 
analysis; this research developed the aerodynamic performance analysis in different wind angle condition 
of the section in terms of flow field structure, and section shape factor. 
4.1. Pressure Distribution & Shape Factor 
The wind field static pressure distribute around the construction effects much to the wind resistance 
design of construction structure, here provided is the figure of the flow field pressure factor distribution 
on the section adopt Realizable k H  at the condition of 0° wind angle. Set non-dimensional parameter 
of pressure factor as:  
                                                  2C P / 0.5 upi i U                                                                (3) 
 
Fig.4 Flow field pressure factor distribution at 0°wind angle (t=5.0s)                     Fig.5 S6, S8 Wall pressure factor (t=5.0s) 
Where Pi  is the static pressure, U is the air density, u is the incoming flow wind speed. Fig.4 is the 
flow field pressure factor distribution at 0° wind angle is the a point-in-time after flow field stability. The 
pressure factor distribution shown in Fig.4 is up-down unsymmetrical is all because the research adopt 
unsteady algorithmic which lead to the result that the wall pressure factor, section up resistance is shown 
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in periodic variation. Fig.LVXSDQGGRZQZDOOZDOO66¶VSUHVVXUHIDFWRUGLVWULEXWLRQDW WKHVDPH
moment, the pressure of S6 is shown as obey pressure gradient, S8 is shown as against pressure gradient. 
As the result of pressure factor is inconvenient at technical application, usually shape factor is preferable, 
shape factor is set as the weighted average of pressure factor to area: 
                             C A / Ai pi iP  ¦                                                                 (4) 
Where Ai, A is area. As the research adopt unsteady algorithmic to do the calculation, it is necessary to 
do time average to shape factor gained by calculation at each moment. See table.1 to view each wall of 
VHFWLRQ¶V VKDSH IDFWRU JDLQHG E\ FDOFXODWLRQ DW GLIIHUHQW ZRUNLQJ FRQGLWLRQV ZLWK GLIIHUHQW WXUEXOHQFH
model. The Code has only given the result of 0° wind angle condition, compared with result of Case1, the 
factor of S1, S5 both model had provide a ver\DSSURDFKUHVXOW2WKHUZDOO¶VSUHFLVLRQRIVLPXODWHUHVXOW
is a bit miss-distance, but still can satisfied the technical application. In the negative pressure area, the 
simulate result of Realizable k H  model ( RkH ) is more benefit than Standard k H  model ( SkH ) did. 
Table.1 Section shape factor 
4.2. Flow Field Structure Analysis 
As a result of calculation, it is provided that Realizable k H  model can capture the unsteady and 
fierce leave characteristic of flow field around the blunt body better. Here is the simulate calculated flow 
line distribution diagram adopt Realizable k H  model, see Fig.6. 
The flow line of Fig.6 (a) is at the same moment as Fig.4, Fig.5. Compared with Fig.6 (a) with Fig.5, 
the surface of S8 has a negative pressure gradient, boundary flow separation at last lead to bound vortex, 
as shown in wall of Fig.6 (a) S8. Vortex continuously develops downward drop from the wall at least, as 
shown in Vortex on the wall of Fig.6 (a) S6. The vortex drop from up-down wall alternately shows the 
periodicity change, gradually formed a Karman vortex street down stream. From the diagram it is visible 
that at these three conditions at wind angle 45°, 90°, 135°, the flow field is much unsteady, the separation 
and drop of vortexes are more fiercely than at the wind angle of 0°.  
From Fig.6 (b) ± Fig.6 (e) it is visible that at the condition of wind angle WKHUH¶VDELJ
vortex exists inside the sunken face. Those vortexes always keep steady shape and never show periodicity 
change because the turbulence dynamic is continuously input from outside flow field into the sunken face, 
followed periodicity change of the trail of vortex street. From Fig.6 (a), Fig.6 (e) it is visible that at the 
Shape Factor S 1 S 2 S 3 S 4 S 5 S 6 S 7 S 8 
Case1 
GB 0.8 0.9 0.9 0.9 0.8 -0.7 -0.5 -0.7 
SkH  0.81 1.16 1.15 1.16 0.79 -1.55 -1.03 -1.52 
RkH  0.69 1.12 1.11 1.12 0.69 -1.30 -1.08 -1.27 
Case2 
SkH  -0.39 0.82 0.73 0.74 1.07 0.30 -1.33 -1.43 
RkH  -0.47 0.78 0.71 0.75 1.00 0.20 -1.55 -1.66 
Case3 
SkH  -0.52 -0.87 -0.86 -0.87 -1.24 0.98 -0.85 0.43 
RkH  -0.79 -0.89 -0.89 -0.88 -0.97 0.85 -0.88 0.61 
Case4 
SkH  -1.30 -1.34 -1.33 -1.31 -1.37 0.28 0.53 -1.41 
RkH  -1.40 -1.43 -1.47 -1.47 -1.47 0.15 0.45 -1.61 
Case5 
SkH  -0.83 -0.78 -0.79 -0.78 -0.84 -1.21 0.99 -1.19 
RkH  -1.13 -1.06 -1.05 -1.06 -1.12 -1.32 0.88 -1.34 
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FRQGLWLRQ RI ZLQG DQJOH   WKHUH¶V QR REYLRXVO\ YRUWH[ VWUXFWXUH LQVLGH WKH VXQken face. It is 
EHFDXVH WKHUH¶V QR REYLRXVO\ QHJDWLYH SUHVVXUH JUDGLHQW LQVLGH WKH VXQNHQ IDFH VR LW FDQ¶W OHDG WKH
separation of flow field boundary, at the condition of wind angle 0°, 180°. 
       
(a)                                                                 (b)                                                                   (c) 
    
(d)                                                          (e) 
)LJ6HFWLRQ¶VIORZOLQHGLVWULEXWLRQGLDJUDPDWGLIIHUHQWZLQGDQJOH (t=5.0s): (a) Case1; (b) Case2; (c) Case3; (d) Case4; (e) Case5 
5. Conclusion and Discussion 
It is a trend that the research gains wind field environment around the construction aided construction 
structure designed by numerical simulate model calculation of the wind pressure distributed at the surface 
of construction at wind engineering research field. Compared with general wind tunnel test, do wind 
engineering calculation cost lower and periodicity shorter, and also simulate flow field distribution both 
real and ideal. This paper gained surface pressure factor, win field environment characteristic of flow 
around sunken section. 
The research in this article mainly provided follow conclusions: (1) Standard k H  & Realizable 
k H  turbulence model can efficiently simulate the wind field of construction, the simulate precious at 
windward side of construction is better than leeside, the Realizable k H  model simulate precious at 
negative pressure field is better than Standard k H  model; (2) Gained shape factor at the condition of 
different wind angle, different wall of section, provide useful reference value to technical application. 
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